The deep end of the metabolite pool: influences on epigenetic regulatory mechanisms in cancer.
Epigenetic control of gene expression is mediated by cytosine methylation/demethylation and histone modifications including methylation, acetylation and glycosylation. The epigenetic programme is corrupted in cancer cells to maintain a pattern of gene expression that leads to their de-differentiated, rapidly proliferating phenotype. Enzymes responsible for modifying histones and cytosine are sensitive to the cellular metabolite pool and can be activated by an increase in their substrates or inhibited by an increase in their products or competitors for substrate binding. This review is based on publications identified on PubMed using a literature search of cytosine methylation, histone methylation, acetylation and glycosylation. In cancer, changes in glycolytic enzymes lead to increased production of serine, increasing the pool of S-adenosylmethionine (the major methyl donor for methylation reactions) and UDP-N-acetylglucosamine (a substrate for O-linked glycosylation of histones and cytosine methyltransferases). Mutations in tricarboxylic acid cycle enzymes lead to accumulation of fumarate, succinate and hydroxyglutarate, all of which inhibit demethylation of cytosine and histones. In contrast, proline catabolism produces α-ketoglutarate and reactive oxygen, both of which promote the activity of enzymes that remove methyl groups from cytosine and histones, and the key enzyme in proline catabolism acts as a tumour suppressor. Our emerging understanding of how the epigenetic profiles are metabolically reprogrammed in cancer cells will lead to novel diagnostic and therapeutic targets for treatment of patients.